Anomalous brain structure and function are implicated in children with attention-deficit/hyperactivity disorder (ADHD). Most neuroimaging research, however, has examined school-aged children, despite the typical onset of symptoms in early childhood. This study compared the volumes of subcortical structures (caudate nucleus, putamen, globus pallidus, and thalamus) among preschoolers with ADHD and typically developing (TD) children. High resolution T1-weighted 3D MPRAGE images covering the whole brain were acquired on a 3T scanner and subcortical volumes were automatically extracted. Analyses were conducted in a total of 87 medicationnaïve preschoolers, ages 4-5 years (47 with ADHD, 40 controls; 63% boys). ADHD was diagnosed using modified DSM-IV criteria based on review of developmental history, structured psychiatric interview and caregiver ratings. Compared to typically developing children, subcortical volumes were reduced among preschoolers with ADHD, with largest reductions in the caudate, globus pallidus, and thalamus. Among girls (but not boys) with ADHD, putamen and thalamus volumes were associated with ADHD symptom severity. The observed patterns of subcortical differences in preschoolers with ADHD (larger reductions in girls), contrasted with differences observed among school-aged children, (larger reductions in boys) suggests that children with ADHD show sexual dimorphism in neuroanatomical development that parallels early trajectory of symptom onset and attenuation.
Introduction
Attention-deficit hyperactivity disorder (ADHD) is a highly prevalent neurodevelopmental disorder characterized by developmentally inappropriate symptoms of inattention and/or hyperactivity/impulsivity that emerge in childhood. Neurobiological models of ADHD have centered on the frontal lobe and its interconnections with subcortical structures as contributing to executive dysfunction, motor deficits, and difficulties regulating attention, motivation, and affect, which in turn produce the behavioral symptoms of ADHD. An alternative neurodevelopmental model of ADHD (Halperin and Schulz, 2006) posits that anomalous development of the earlier maturing (relative to the frontal lobe) subcortical brain regions may contribute to the etiology of ADHD given the typical onset of ADHD symptoms during the preschool years. Nearly all neuroimaging studies of children with ADHD have included only children of school-age (i.e., age 6 years and older). Thus, there is a need for neuroimaging studies of preschool-age children to determine whether anomalous basal ganglia morphology is evident as ADHD symptoms begin to emerge earlier in development.
By school-age, ADHD is associated with widespread structural brain abnormalities including smaller total cerebral volumes (Friedman and Rapoport, 2015) , reductions in total gray matter volumes (Batty et al., 2010) , and more localized anomalies in prefrontal and premotor areas (Dirlikov et al., 2015; Mahone et al., 2011b; Shaw et al., 2006) , and subcortical structures (Ellison-Wright et al., 2008; Frodl and Skokauskas, 2012; Hoogman et al., 2017; Nakao et al., 2011; Norman et al., 2016) . Despite the fairly consistent evidence of frontal lobe anomalies in individuals with ADHD, it is not clear whether these volumetric reductions are secondary to developmental deviations in subcortical regions. Although some studies of the basal ganglia in ADHD have included children as young as 4-5 years (Castellanos et al., 2002; Shaw et al., 2014a) , the analyses have spanned a large age range often from childhood through adolescence and even later adulthood. Only one previous neuroimaging study examined a small sample 
